Abstract: Ticks are well-known vectors for a wide range of pathogenic microorganisms. We examined the presence of Rickettsia spp., Anaplasma spp., Borrelia spp., Coxiella burnetii and Francisella tularensis in Ixodes ricinus ticks collected in central Slovakia using oligo-chip based assay. Rickettsiae were detected in 5.6% of examined ticks. Borreliae and anaplasmae were identified in 2.1% and 2.8% ticks, respectively. All tested samples were negative for presence of Coxiella burnetii and Francisella tularensis. All these results were compared with those obtained by PCR analysis, and a close correlation between them was found. In addition, rickettsiae of spotted fever group (SFG), Anaplasma phagocytophilum and Borrelia burgdorferi sensu lato were found in ticks using genera or species-specific PCR methods. They are circulating in 10 out of 18 studied localities.
Introduction
Ticks are significant biological vectors of wide spectrum of microorganisms, e.g., viruses, bacteria, and protozoa. Genera Ixodes, Dermacentor and Haemaphysalis are dominant in exophilic ticks in central Europe (Černý 1972; Siuda 1991; Řeháček et al. 1991) . Slovakia is a country with abundance of various biotopes for ticks, which range from meadows and forests of Pannonian lowland to Carpathian woods. Diversity of habitats and a wide range of vertebrate tick hosts (birds, small mammals, deer and wild boar) create suitable conditions for survival of ticks. Humans may be accidentally bitten by all life stages of Ixodes ricinus that is the vector of various pathogens causing zoonoses.
In Europe, I. ricinus is the main vector for Borrelia burgdorferi sensu lato (s.l.) complex, agent of Lyme borreliosis (LB) (Gern & Humair 2002) . High incidence of human LB has been described in Slovakia (published in the Epidemiological information system of Slovakia; http://www.epis.sk/). The LB has been monitored since 1987. Average annual morbidity in years 1987-1991 was 4.24 per 100 000 inhabitants. However, increased incidence of LB was observed in last five years, the average annual morbidity in years 2002-2006 being increased to 13.17 per 100 000 inhabitants. Serological tests of patients with suspected LB confirmed the infection with these agents in most cases (Kocianová et al. 2005) . Routine laboratory diagnosis of tick-borne diseases such as anaplasmosis and rickettsioses has not yet been established. Different bacterial pathogens have been detected in ticks collected in Slovakia. Presence of Anaplasma phagocytophilum and B. burgdorferi s.l. in I. ricinus was reported in southwestern and eastern Slovakia (Gern et al. 1999; Špitalská & Kocianová 2002; Derdáková et al. 2003) . Rickettsia slovaca has been reported to occur in natural foci in Slovakia since 1968 (Brezina et al. 1969; Mittermayer et al. 1980; Řeháček 1984; Sekeyová et al. 1998) . However, other rickettsiae of unknown pathogenicity have been detected in Slovakia and in the neighbouring countries. Unnamed spotted fever group (SFG) Rickettsia was detected in I. ricinus from Austria (Řeháček et al. 1997) . Rickettsia IRS3 and IRS4 were isolated from I. ricinus collected in Slovakia (Sekeyová et al. 2000) . R. helvetica, R. monacensis, and 'Candidatus Rickettsia kotlanii' were recently detected in Hungarian ticks (Sreter-Lancz et al. 2006) . In this article, tick-borne pathogenic bacteria, including Borrelia spp., Rickettsia spp., Anaplasma spp., Coxiella burnetii and Francisella tularensis were detected in ticks in natural foci in central Slovakia. Two detection methods, PCR and oligo-chip assay, were used and compared.
Material and methods

Collection of ticks
Ticks were collected by flagging of the vegetation with a cotton cloth from 18 different localities in central Slovakia. Ticks were collected by three persons per 1-2 hours in 2-3 transects in each location. The tick density was expressed as the number of ticks found per 1 hour by 1 person for each location (Table 1) . Air and soil temperatures were measured at each locality and they ranged between 21-26
• C and 16-25
• C, respectively. Living ticks at different developmental stages were preserved separately at 4
• C in tubes until species determination and extraction of DNA were carried out.
Studied localities ranged from 270 to 750 m in altitude and have been located in the mountains Kremnické vrchy, Štiavnické vrchy, Tribeč, Vtáčnik as well as in basins Žiarska kotlina and Pliešovská kotlina. These areas are situated in mixed Carpathian oak-hornbeam woods, beech and fir woods with forb-rich undergrowth. Climate in studied areas varies from moderately dry in lowlands to humid in mountains. Study sites are situated close to pastures, fields or urban and rural areas.
Detection of bacteria by oligo-chip and PCR DNeasy Tissue Kit (Qiagen, Germany) was used for isolation of DNA from ticks.
DNA samples isolated from individual ticks were examined by oligo-chip assay as described previously by Blaškovič & Barák (2005) . This assay consists of following basic steps: (i) 16S rRNA (target) amplification and labelling using PCR; (ii) hybridization of target DNA to oligonucleotide probes that are immobilized on the oligo-chip followed by subsequent washing; (iii) scanning of oligo-chip surface by GenTAC-UC4 (Genomic solution) microarray scanner; and (iv) evaluation of fluorescent signals in specific positions on oligo-chip that indicate presence of specific tick-borne bacterial pathogens.
The same DNA samples were tested by PCR for presence of tick-borne pathogenic bacteria. Primers derived from gltA gene of R. prowazekii (Regnery et al. 1991) , 16S rDNA of E. phagocytophila group (Goodman et al. 1996) , groESL of E. phagocytophila (Bjoersdorff et al. 2002) and OspA gene of B. burgdorferi s.l. (Demaerschlack et. al 1995) were used for detection of SFG rickettsiae, A. phagocytophilum and B. burgdorferi s.l., respectively. PCR was performed on PTC-200 thermal cycler (MJ Research). DNAs of R. slovaca, A. phagocytophilum, B. burgdorferi sensu stricto (s.s.), B. garinii and B. afzeli were used as positive controls. Amplified PCR products were analyzed by agarose gel electrophoresis.
Results
Four hundred and eighty-three adults and 123 nymphs of I. ricinus ticks were collected in central Slovakia from vegetation during spring season when occurrence of ticks is considered to reach its maximum. Density of ticks collected from 18 localities ranged from 3.1 to 27.6. Average density for all localities was 11.2 ticks/person/hour (Table 1) .
Total of 143 adult ticks (76 females and 67 males) were examined for presence of tested bacteria by oligochip. The probes used in these assays were specific only at genus level since the DNA sequence of 16S rRNA is not variable enough to distinguish tick-borne pathogenic bacteria on species level. Total prevalence E. Kocianová et al.
of tick-borne pathogenic bacteria was 10.5% (15/143). SFG rickettsiae were detected in 5.6% (8/143) of examined ticks. Bacteria of Borrelia spp. and Anaplasma spp. were identified in 2.1% (3/143) and 2.8% (4/143), respectively, of tested ticks (Table 1) .
Total prevalence of tick-borne agents in ticks determined by PCR was 11.9% (17/143). Infected ticks were found on 10 out of 18 tested localities. All tested bacteria were detected in ticks collected in Malá Lehota, location that is situated alongside a path in greenwood. Density of ticks in Malá Lehota was high in comparison to other localities (Table 1) . SFG rickettsiae were detected in 10 I. ricinus ticks collected from 8 localities. The overall prevalence of SFG rickettsiae was 7% (10/143). A. phagocytophilum was identified in 4 ticks flagged from 3 localities and the overall prevalence of this agent was 2.8% (4/143). B. garinii and B. burgdorferi s.s. were detected in 3 ticks from 2 localities, with prevalence 2.1% (3/143), among all examined ticks. The prevalence of tested bacterial pathogens was comparable for male (6.9%) and female (4.9%) ticks (Table 1) .
Discussion
Clinical symptoms characteristic for LB and presence of antibodies against borreliae were observed in a group of patients reporting a tick bite in central Slovakia (http://www.epis.sk/). Unclear diagnosis occurred in some cases when patients were febrile and clinical data indicated diseases that could be caused by SFG rickettsiae (Raoult et al. 2002) , A. phagocytophilum (Petrovec et al. 1997) or eventually by co-infection.
Co-infection was not detected by oligo-chip and PCR in any of our ticks. However, 5% of tested I. ricinus from eastern Slovakia were infected with both A. phagocytophilum and B. burgdorferi s.l. (Derdáková et al. 2003) .
Using PCR, rickettsiae were detected in ticks collected from 8 out of 18 localities (Table 1) . B. burgdorferi s.l. and A. phagocytophilum were detected in ticks collected from 2/18 and 3/18 localities, respectively. Presence of all tested bacterial pathogens was observed in area of Malá Lehota, where high incidence of tickborne diseases in humans was previously reported (unpublished data). Špitalská & Kocianová (2003) examined ticks collected in Martinský les (southwestern Slovakia), and using PCR methods they detected SFG rickettsiae (18/141), A. phagocytophilum (6/141) and B. burgdorferi s.l. (5/141) in I. ricinus.
Rickettsia spp. was detected in 6.3%, A. phagocytophilum in 4.4%, C. burnetii in 0.4% of I. ricinus ticks collected in central Slovakia, according to a previous study. Sporadic occurrence of B. garinii and B. afzelii was reported. I. ricinus from western Slovakia were positive for Rickettsia spp. (3/56), B. burgdorferi s.l. (3/56) and C. burnetii (1/56) (Smetanová et al. 2006) .
We have detected SFG rickettsiae (10/143), A. phagocytophilum (4/143) and B. burgdorferi s.l. (3/143) in I. ricinus ticks, collected in central Slovakia, using PCR methods.
Similar observations of presence of above listed bacterial pathogens were obtained by examination of these ticks by oligo-chip assay. Tick-borne pathogenic bacteria were detected in 10.5% (15/143) ticks by oligochip and in 11.9% by PCR (17/143). The slightly higher detection sensitivity of PCR method in contrast to oligo-chip in these experiments might be explained by the lack of some additional specific probes for oligochip. Currently, probes for species-specific identification of bacteria within B. burgdorferi s.l. complex, SFG rickettsiae and A. phagocytophilum are being designed to be added to oligo-chip to improve its sensitivity. However, comparison of results obtained by PCR methods and those obtained by oligo-chip assay indicate that methods were comparable. Identical pathogens were detected in 15 samples. Two samples collected from localities 9 and 11 were positive for SFG rickettsiae by PCR, but both samples were negative when examined by oligo-chip. This difference may be caused by presence of mutation(s) in 16S rRNA sequences of this specific rickettsial isolates that are targeted by broad-range primers in PCR amplification for subsequent oligo-chip assay. Nevertheless, the same non-specificity can occur also in other experiments based on PCR methodology.
Use of oligo-chip has a few advantages in comparison to PCR detection methods. Oligo-chip is able to analyze a sample for presence of several pathogens at the same time and may overcome some limitations of PCR, e.g., necessity to run separate reactions for detection of different pathogens. In addition, oligo-chip based assay can be 100-fold more sensitive in comparison to gel-based PCR evaluation for presence of B. burgdorferi s.l. (unpublished data). Capacity of oligo-chip to detect multitude of tick-borne pathogens simultaneously makes it more user-friendly in comparison to gel-based PCR method. The oligo-chip has thus a great potential to be widely used for epidemiological surveillance.
